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Two phytoecdysones viz. ecdysterone 1 and
makisterone A 2 have been isolated as their acetates
from the n-BuOH extracts of the medicinal plant Tino-
spora cordifolia stems. The structures and complete
NMR assignments of the phytoecdysones have been
achieved by extensive 1D and 2D NMR studies.
The aqueous extracts of the plant Tinospora
cordifolia Miers (Menispermaceae)' were found to
be associated with the stimulation of phagocytic
and bactericidal capacity of neutrophils and
macrophages':'. The plants belonging to genus Ti-
nospora are known to be rich sources for terpene
glycosides':'. Our previous studies, with the polar
fraction of the plant, dealt 'with the isolation and
characterisation of two phenyl propane gly-
cosides", five norditerpene furan glycosides" and
two diterpene furan glycosides", Two phytoecdy-
sones 1 and 2 were isolated as their acetates from
this plant in very small quantities. The small
amounts of 1 and 2 called for non-destructive
techniques for their characterisation. This has been
done by high resolution lD and 2D NMR spectros-
sopy without recourse to any chemical degrada-
tion. The inferences were drawn by assigning all
the IH and l3C resonances unequivocally. Phy-
toecdysones such as ecdysterone and related ster-
oids are moulting hormones of arthopods and are
known to occur in several plant species":".
Ecdysterone, 1 has been reported earlier from th~
aerial parts of T cordifolia", However, this con-
stitutes the first report of makisterone A triacetate,
2 from a Tinosporaceae species.
"Present address: Department of Biophysics, Arrhenious Labo-
ratory, Stockholm University, S-10691, Stockholm, Sweden
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Results and Discussion
Following the procedure mentioned in our ear-
lier publications'", two phytoecdysones were iso-
lated from the butanol extract of the stem of the
plant. 1a [m.p. 145°C, [a]Z6 = + 63.8 (MeOH, c
0.170)], 1b [m.p. 199°C, [af6 = + 74.1 (MeOH, c
0.130)] and 2a [m.p. 208°C, [af6 = + 60.0 (MeOH,
c 0.160)] were white solids and showed similar
colour reactions with SbCl3 spray. The FAB MS
[Na]' of the compounds la, 1b and 2a showed
molecular ions at 629 [M + Na]', 671 [M + Na]'
and 643 [M + Na]", thus indicating molecular
weights of 606 [M]', 648 [M]' and 620 [M]' re-
spectively. Thus compared to la, 1b possessed an
additional acetyl group and 2a an additional
methyl group. The UV, IR, NMR CH, J3C) evi-
dence and comparison of the spectral data":", in-
dicated that the compounds 1a and 1b were identi-
cal to ecdysterone 2,3,22 triacetate, ecdysterone
2,3,22,25 tetraacetate and compound 2a corre-
sponded to makisterone A 2,3,22 triacetate.
Ecdysterone 2,3,22 triacetate Ia, The reso-
nance assignments of ecdysterone triacetate 1a
have been made from a combination of NMR ex-
periments. DEPT was helpful in differentiating the
types of carbon in the J3C NMR spectrum. These
carbons were correlated to their attached protons
by 2D-HETCOR (via IJCH correlation) and the
neighbouring protons by 2D-COLOC (via 3JCH cor-
relation) experiments. The proton assignments thus
obtained were confirmed by observing spin-spin
coupling patterns in a COSY 2D-NMR experi-
ment. These data are listed in Table 1.
The relative stereochemistry of the compound
was examined on the basis of IH-IH NOESY spec-
trum. The important nOe observed were between
H-2 (0 5.09) and H-9 (0 3.12), H-3 (05.38) and H-
4 (0 1.82), H-5 (02.42) and H-19 methyl (01.01),
Hb-12 (02.07) and H-18 methyl (00.84), H-17 (0
2.32) and H-22 (0 4.82) and between H-22 and H-
24 (0 1.47). These interactions suggested that H-2,
H-9, H-3 and Ha-4 are on the same side of the
molecule (indicated by dashed lines) whereas H-5
and the methyls at C-18 and C-19 are on the other
side of the molecule (indicated by solid lines), The
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Table I-NMR data of ecdysterone 2,3,22 triacetate 1a in CDCI3
Pos. OC DEPT OHt COSY NOESY COLOC
33.9 -CH2- 1.52 (m,Ha) H-2,Hb-1 H-19
1.82 (m,Hb) H-2,Ha-1
2 68.5 >CH- 5.09 (m,IH) H-3,Ha,b-1 H-9 Hb-I
3 67.0 >CH- 5.38 (br s,IH) H-2,H-4 H-4
4 29.1 -CH2- 1.82 (m,2H) H-3,H-5 H-3
5 50.9 >CH- 2.42 (m,IH) H-4,H-7 (Ir) H-19 H-19
6 202.0 >C=O H-5
7 121.5 -CH= 5.89 (br s,IH) H-9 (Ir),H-5 (lr)
8 164.5 =C< H-9,H-15
9 33.5 >CH- 3.12 (m,IH) Ha,b-II,H-7 (lr) H-2
10 38.2 >C< H-19,Hb-1
II 20.4 -CH2- 1.48 (m,Ha) H-9
1.8 (m,Hb) H-9,Hb-12
12 31.8 -CH2- 1.59 (m,Ha) Hb-12
2.07 (m,Hb) Ha~12,Hb-11 H-18
13 47.4 >.C<
14 84.4 >C< H-7,H-18
15 31.0 -CH2- 1.85 (m,2H) H-16
16 20.4 -CH2- 1.82 (m,2H)* H-15,H-17
17 49.4 >CH- 2.32 (m,IH) H-16 H-22 H-21,Hb-12
18 17.3 -CH3 0.84 (s,3H) Hb-12
19 23.8 -CH3 1.01 (s,3H) H-5
20 77.0 >C< H-21
21 21.0 -CH3 1.22 (s,3H)
22 79.7 >CH- 4.82 (dd,8.6,I,IH) Ha,b-23 H-17,H-24 H-21
23 24.6 -CH2- 1.56 (m,Ha) H-22,H-24
1.78 (m,Hb) H-22,H-24
24 40.3 -CH2- 1.47 (m,2H) Ha,b-23 H-22
25 70.5 >C< H-26,H-27
26 28.4 -CH3 1.20 (s,3H)




MeCO· 21.0x3 3xCH3 2.1 (s,9H)
*Signals overlapped with acetyl methyl protons.
"Proton assignments are based on \3C_1H HETCOR and IH_IH COSY spectrum,
important nOe interactions are as listed in the
\Table 1 and are in accordance with the stereo-
structure given in Scheme I.
Ecdysterone 2,3,22,25-tetraacetate lb. The as-
signments of methyls, methylenes and methines
were made on the basis of 2D experiments. I b
showed similar types of cross peaks pattern as in-
dicated for la.
On comparing the 13C chemical shift values of
la with those of lb at position C-25 indicated that
comparative downfield shift was observed in lb (8
81.7) as compared to la (8 70.5). This argument
could be explained by considering that under nor-
mal acetylating condition, the tertiary hydroxyl
group at C-25 also gets acetylated and responsible
for causing such deshielding.
Makisterone A 2, 3, 22-triacetate 2a. The as-
signment of the structure of 2a was done in a
similar way as that of la. It also displayed similar
type of cross peak patterns. The ID and 2D-NMR
data are listed in Table II. The only difference
between la and 2a was that later contained an ad-
ditional carbon at C-24 as compared to former. It
appeared as a doublet at 8 0.91 in 'H NMR spec-
trum confirming this to be a secondary methyl
group. The deshielding of C-2 and C-3 signified
that these were attached to oxygen bonded func-
tionalities and thus justifying the location of see-
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OH
18. R = -COMe, R' = H
Ecdysterone 2,3, 22-triacetate
H a
28. R = -COMe
Makisterone 2,3, 22-triacetate
1b. R = R' = -COMe
Ecdysterone 2,3,22,25-tetracetate
Scheme I. Phytoecdysones from the n-BuOH extracts of the plant Tinospora cordifolia.
Table II--NMR data of makisterone A 2,3,22 triacetate, 2a in CDCI3
Pos. liC DEPT liHt COSY NOESY COLOC
34.0 -CH2- 1.63 (m,Ha) H-2,Hb-1 H-19
1.84 (m,Hb) H-2,Ha-1
2 68.6 >CH- 5.10 (m,IH) H-3,Ha,b-1 H-9 Hb-I
3 67.0 >CH- 5.32 (br s, IH) H-2,H-4 H-4 Ha-I
4 29.2 -CH2- 1.8 (m,2H) H-3,H-5 H-3,H-5
5 50.9 >CH- 2.4 (m,IH) H-4 H-19,H-4 H-19
6 202.1 >C=O H-5
7 121.5 -CH= 5.9 (br s, IH) H-9 (Ir) Hb-15
8 164.6 =C< H-9
9 33.5 >CH- 3.13 (m,IH) Ha-II,H-7 (lr) H-2 H-7,Hb-11 (w)
10 38.3 >C< H-19,Hb-1
II 20.3 -CH2- 1.8 (rn.Ha) H-9,Hb-II,H-12
1.3 (m.Hb) Ha-II
12 31.8 -CH2- 1.28 (m,2H) Ha-II H-18
13 47.5 >C< H-18,Ha-11
14 84.4 >C< H-7,H-18,Ha-15
15 31.6 -CH2- 1.81 (m,Ha)
1.6 (m,Hb) H-16 H-7,H-17
16 20.3 -CH2- 2.01 (m,2H)· H-17,Hb-15 Ha-15
17 49.3 >CH- 2.35 (m,IH) H-16 Hb-15 H-16,H-18
18 17.5 -CH3 0.83 (s,3H) Ha-23
19 23.8 -CH3 1.01 (s,3H) H-5
20 77.2 >C< H-21,H-22
21 21.0 -CH3 1.14 (s,3H)
22 no >CH- 4.95 (dd, II ,2, IH) Hb-23 H-28
23 31.0 -CH2- 1.63 (m,Ha) H-24 H-18
1.81 (m,Hb) H-22
24 40.4 >CH- 1.37 (m,IH) Ha-23,H-28 H-28 H-26,H-27,H-28
25 73.0 >C< H-26,H-27,H-28
26 26.2 -CH3 1.18 (s,3H) H-27
27 27.7 -CH) 1.23 (~,3H) H-26




MeCO 21.0x3 3x-CH) 2.1 (s,9H)
·Signals overlapped with acetyl methyl protons.
'Proton assignments are based on IlC_1H HETCOR and IH-IH COSY spectrum.
ondary acetoxy groups at these positions. The two
methylenes at C-11, C-12 were assigned on the
basis of the scalar couplings observed between H-9
and Ha-11 and between Ha-11 and H-12 (Table I).
H-12 did not show further COSY cross peaks and
as it is adjacent to quaternary carbon C-13. The
other methylene and methine groups were assigned
in a similar way on the basis of COLOC and
COSY. The downfie1d shifts of C-14 and C-20
signified that the tertiary hydroxyl groups resided
at these positions. The angular methyl group at C-
19 was assigned on the basis of COLOC cross
peaks between the C-19 methyl proton at 0 1.01
with the carbons at C-1 0 (0 3.8.3), C-5 (0 50.9) and
C-l (0 34.0). The assignments of the other two an-
gular methyl groups at C-18 and C-21 were con-
firmed on the basis their COLOC interactions with
C-17 (049.3) as well as that of the latter with C-20
(0 77.2). The deshielding of C-22 carbon is con-
sistent with the presence of secondary hydroxyl
group at this position. The two tertiary methyl
groups at C-26 and C-27 were assigned as they
showed COLOC interactions with the carbon at C-
25 (0 73.0).
Compound 2a displayed similar nOe interac-
tions as in la. It is noteworthy that 2a showed
NOESY interaction between the C-18 methyl and
the H-23 methylene protons whereas la did not.
This may be due to the difference in folding of the
side chain over the steroid ring skeleton in la and
2a as the side chain in the later contains an addi-
tional methyl group. The difference in the methy-
lene H-12 chemical shifts in la and 2a may be be-
cause of the differential diamagnetic shielding
arising from this folding. The reason for makister-
one A not forming a tetraacetate at C-25 position is
due to the presence of the secondary methyl group
at a position a. to the hydroxyl group.
Experimental Section
M.ps. are uncorrected. Optical rotations were
recorded on JASCO Polarimeter, (DIP-370). The
IR spectra were scanned as KBr pellets on a Shi-
madzu FTIR spectrophotometer (model-8101). UV
spectra on a Shimadzu UV-visible spectropho-
tometer (model Graphicord UV-240) using spec-
troscopic grade MeOH as the solvent. and 'H and
l3C NMR spectra at 200 and 50 MHz respectively
on a Bruker AC 200 NMR spectrometer. All the
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2D experiments were carried out with 0.01 M so-
lutions in CDCI3. For DEPT, signal editings were
done by varying the pulse width of the last polari-
zation pulse as 14.5, 29 and 43.5 IlS. In COLOC,
512 transients were recorded for each t1 experi-
ment of 80 increments. It was then zero-filled to
256W. In the W2 dimension (13C) 4K data points
were recorded without zero-filling. The delays
used were: D1 = 1 sec., D2 = 0.030 sec. and D3 =
0.015 sec. The NOESY and COSY spectra were
recorded with following parameters; TDI = 256W,
SIl = 512W and SI = TD = 1K with square sine
bell multiplications in both dimensions. For
NOESY differential mixing times of 0.8 and 1 sec.
were used.
Isolation of ecdysterone 2,3,22-triacetate,
ecdysterone 2,3,22,25-tetraacetate and
Makisterone A 2,3,22-triacetate la, lb and 2a.
The plant material (fresh wt., 5.8 Kg) was col-
lected from Trombay campus, Bhabha Atomic Re-
search Centre, Bombay and identified by Dr V
Abraham of the Nuclear Agriculture Division,
BARC. Fresh stems were subjected to cold extrac-
tion, with MeOH, through percolation. The non-
polar compounds were removed by extraction with
Petrol and EtOAc. It was then extracted with n-
BuOH and subjected to column chromatography
on silica gel, using increasing polarities of MeOH
in CHCI3. The fractions, with similar polarities,
were pooled together (five fractions). The crude
fractions 2 and 3 were acetylated using AC20 and
pyridine at room temperature for 48 h. Further
fractionation was achieved by repeated radial
chromatography of the acetylated crude fractions
as well as by preparative TLC. This resulted in the
isolation of ecdysterone 2,3,22 triaacetate Ia,
ecdysterone 2,3,22,25-tetraacetate lb and
makisterone A 2,3,22-triacetate, in addition to pre-
viously reported compounds viz. cordifolisides A-
E 7.8and palmatosides C, F9 as their respective
tetraacetates.
Ecdysterone 2P,3P,22R-triacetate la. Colour-
less solid (10 mg); Rf= 0.36 (CHCI3 : MeOH, 97 :
3); C33HsoOlO;m.p. 145°C; [a.y6 = + 63.8° (MeOH,
c 0.170); IR (KBr) ern" : 3525,3496,2967,2876,
1750, 1730, 1659, 1626, 1383, 1368, 1267, 1250,
1125, 1090, 1048, 947, 874; UV Amax (MeOH)
nm: 229.6 sh (E 3790), 241.2 sh (E 3228); IH NMR
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(200 MHz, CDCl) and J3C NMR (SO MHz,
CDCl)) : see Table I; FAB MS rnJz : 629 [M +
Na]+, 607 [M + H]+, 606 [Mr, 590, 589, 571, 511,
493,460,437,409,387,327,307,289,283,213,
155, 154, 13~ 120, 107,89,77,69,5~
Ecdysterone 213,313,22R,25-tetraacetate lb,
Colourless solid (10 mg); R{ = 0.77 (CHCl) :
MeOH, 97 : 3); C)sHS20II; m.p. 199°C; [af6 = +
74.1° (MeOH, c 0.130); IR (KBr) em-I: 3450,
2934,2855, 1740, 1661, 1449, 1372, 1244, 1217,
1146, 1048, 992, 949, 882; UV Amax (MeOH) nm :
226 sh (e 5533), 246 sh (s 3494); IH NMR (200
MHz, CDCl)) : 0.83 (s, 3H, H-18), 1.01 (s, 3H, H-
19), 1.21 (s, 3H, H-21), 1.38 (s, 3H, H-26), 1.41 (s,
3H, H-27), 1.45 (m, Ha-23), 1.54 (m, Ha-1), 1.59
(m, Hb-15), 1.60 (m, Hb-23), 1.61 (m, Hb-12),
1.65 (m, Ha-11), 1.71 (m, Hb-4), 1.76 (m, 2H, H-
24), 1.8 (m, Hb-ll), 1.81 (m, Ha-4), 1.84 (m, Hb-
1), 1.87 (m, Ha-15), 1.96, 1.98, 2.09 & 2.10 ( 3H
each; s, 4xCH)CO-) , 1.98 (m, Ha-12), 2.04 (m,
2H, H-16), 2.33 (m, 1H), 2.38 (m, 1H), 3.12 (m,
1H), 4.82 (dd, J = 9.8, 1.5 Hz, 1H), 5.07 (m, 1H), 3
5.33 (br s, IH), 5.84 (br s, 1H).; J3C NMR (50 4
MHz, CDC1)) : 17.4 (C-18), 20.3 (C-11), 20.5 (C- 5
16), 21.0 (3xCH)CO-), 21.1 (C-21), 22.3
(lxCH)CO-), 23.7 (C-19), 24.5 (C-23), 25.9 (C- 6
26),26.2 (C-27), 29.1 (C-4), 31.0 (C-15), 31.6 (C-
12),33.5 (C-9), 33.9 (C-l), 37.4 (C-24), 38.2 (C-
10),47.4 (C-13), 49.5 (C-17), 50.8 (C-5), 66.9 (C- 8
3), 68.5 (C-2), 76.8 (C-20), 79.3 (C-22), 81.7 (C-
25), 84.4 (C-14), 121.5 (C-7), 164.5 (C-8), 170.2, 9
170.5x2, 172.3 (4x-OCO-CH)), 202.0 (C-6); FAB
MS rnJz : 671 [M + Na]', 649 [M + H]+, 631, 589,
571,553,529,511,493,469,460,447,429,409,
387,363,334,154,137,107,77,52.
Makisterone A 213,313,22R-triacetate 2a. Col-
ourless solid (12 mg); R, = 0.33 (CHCl) : MeOH,
97 : 3); C)4HS201O;m.p. 208°C; [a]26 = + 60.0°
(MeOH, e 0.160); IR (KBr) cm' : 3525, 2971,
2944,2878, 1736, 1655, 1559, 1541, 1507, 1447,
1372, 1320, 1242, 1219, 1144, 1121, 1048, 1030,
992, 953, 922, 874, 606; UV A..nax (MeOH) nm :
226 sh (e 3067), 246 sh (E 1631); IH NT\t1R (200
MHz, CDCI3) and J3CNMR (50 MHz, CDCl)) : see
Table I; J:AB MS rnJz : 643 [M + Na]', 621 [M +
H]+, 620 [M]+, 585, 567, 543, 525, 507, 483, 465,
441, 437, 408, 388, 327, 285, 237., 191, 165, 154,
136,107,89,77,69,56.
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